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Abstract
We investigate the anomalous W+W−γ couplings through the process e−e+ → νeνeγ for unpo-
larized and polarized electron (positron) beams at the International Linear Collider. We give the
95% Confidence Level limits on the anomalous couplings with and without the systematic uncer-
tainties for various values of center-of-mass energies and the integrated luminosities. We show that
the obtained limits on the anomalous couplings through the process e−e+ → νeνeγ can highly
improve the current experimental limits.
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I. INTRODUCTION
The Standard Model (SM) of particle physics has proven a remarkably successful field
theory at the electroweak scale and below. The gauge boson self-interactions are determined
by the non-Abelian SU(2)L × U(1)Y gauge symmetry of the electroweak sector of the SM
and also described by the triple gauge couplings (TGCs) such as W+W−V , ZγV and ZZV
(V = γ, Z) [1, 2]. W+W−V vertex involves charged couplings whereas ZγV and ZZV
involve neutral TGCs. Neutral TGCs at the tree level is forbidden due to lack of the electric
charge of the Z boson. Neutral gauge boson self-couplings are permitted with loop diagrams
in the SM. Therefore, studying the TGCs are of crucial importance to test the validity of the
SM. Any deviation from the SM predictions would be a sign of the presence of new physics
beyond the SM.
The effective Lagrangian method is based upon the assumption that at higher energy
regions beyond the SM, there is a more fundamental physics which reduces to the SM at
lower energy regions. The model-independent approach via this effective Lagrangian method
is used to investigate the new physics effect on W+W−γ interactions. In this approach, in
order to achieve effective interactions with SM particles, all heavy degrees of freedom are
incorporated.
We examine the effects of anomalous W+W−γ couplings described with the effective
Lagrangian method between W and γ for the process e−e+ → νeνeγ at the International
Linear Collider (ILC). New physics beyond the SM occurs with new interactions among the
known particles. These new interactions contribute to the effective Lagrangian as higher
dimensional operators, which are invariant under the SM symmetries and suppressed by the
new physics scale Λ [3]:
Left = LSM +
∑
d>4
∑
i
Ci
Λd−4
Oi , (1)
where d is the dimension of the operators. This effective Lagrangian reduces to the SM
one in the limit Λ→ ∞. Since the coefficients of the higher dimensional operators, Ci, are
fixed by the complete high energy theory, any extension of the SM can be parameterized by
this effective Lagrangian, where Ci are free parameters. Now, we will identify the effective
Lagrangian of new physics including dimension-six operators that modify the interactions
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between electroweak gauge bosons:
Left = 1
Λ2
[CWOW + CBOB + CWWWOWWW + CW˜WWOW˜WW + CW˜OW˜ + h.c.] . (2)
Only operators with even dimension can be constructed when baryon and lepton numbers
are conserved. As a result, the largest contribution for new physics beyond the SM comes
from dimension-six operators. Three CP-conserving dimension-six operators:
OWWW = Tr
[
WµνW
νρW µρ
]
, (3)
OW = (DµΦ)†W µν (DνΦ) , (4)
OB = (DµΦ)†Bµν (DνΦ) , (5)
and two CP-violating dimension-six operators:
OW˜WW = Tr
[
W˜µνW
νρW µρ
]
, (6)
OW˜ = (DµΦ)† W˜ µν (DνΦ) , (7)
where Φ is the Higgs doublet field. The Dµ covariant derivative, Wµν and Bµν field strength
tensors of the SU(2)I and U(1)Y gauge fields are respectively as follow:
Dµ ≡ ∂µ + ig
′
2
Bµ + igW
i
µ
τ i
2
, (8)
Wµν =
i
2
gτ i
(
∂µW
i
ν − ∂νW iµ + gǫijkW jµW kν
)
, (9)
Bµν =
i
2
g′ (∂µBν − ∂νBµ) , (10)
where τ i are the SU(2)I generators with Tr[τ
iτ j ] = 2δij (i, j = 1, 2, 3). g and g′ are SU(2)I
and U(1)Y couplings, respectively. The effective Lagrangian for W
+W−γ interaction can be
then parameterized by [4]:
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LWWγ = igWWγ
[
gγ1
(
W+µνW
−
µ Aν −W−µνW+µ Aν
)
+ κγW
+
µ W
−
ν Aµν +
λγ
M2W
W+µνW
−
νρAρµ
+ igγ4W
+
µ W
−
ν (∂µAν + ∂νAµ) (11)
− igγ5 ǫµνρσ
(
W+µ ∂ρW
−
ν − ∂ρW+µ W−ν
)
Aσ
+ κ˜γW
+
µ W
−
ν A˜µν +
λ˜γ
M2W
W+λµW
−
µνA˜νλ
]
,
where gWWγ = −e and A˜ = 12ǫµνρσAρσ. Aµν = ∂µAν − ∂νAµ is the field strength tensor
for photon. In Eq. (11), gγ1 , κγ and λγ anomalous parameters are both C and P conserving
while gγ4 , g
γ
5 , κ˜γ and λ˜γ anomalous parameters are C and/or P violating. Electromagnetic
gauge invariance requires that gγ1 = 1. In the SM, the anomalous coupling parameters are
given by κγ = 1 (∆κγ = 0) and λγ = 0 at the tree level. However, CP-violating interactions
can be confined individually to specially designed CP-odd observables that are insensitive
to CP-even effects. Thus, the CP-conserving and violating interactions can be separated
from each other. Here, the anomalous κγ and λγ coupling parameters can be reframed in
terms of the couplings of the operators in Eq. (2) and transformed into cWWW/Λ
2, cW/Λ
2
and cB/Λ
2 [5]. Thus, the effective field theory approach allows the following the relations
between parameters:
κγ = 1 + (cW + cB)
m2W
2Λ2
, (12)
λγ = cWWW
3g2m2W
2Λ2
. (13)
Similarly, the values of above cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 parameters lead to deviations
from the SM for W+W−γ couplings and determine new physics contributions. In the SM,
the anomalous coupling parameters are given by cWWW/Λ
2 = cW/Λ
2 = cB/Λ
2 = 0.
In theoretical side, the aTGC such as the anomalousW+W−V (V = γ, Z) couplings have
been discussed previously in the literature [4, 6–30]. The anomalous W+W−γ couplings
have been studied experimentally on the parameters of κγ and λγ at the LEP [31–33], the
Tevatron [34–37] and the LHC [38–41]. The limits of the anomalous coupling parameters
on the aTGC obtained in some experimental studies are given in Table I.
4
TABLE I: The best limits at 95% C.L. on the aTGC with ∆κγ , λγ , cWWW/Λ
2, cW /Λ
2 and cB/Λ
2
parameters obtained from the experiments.
Experimental limit ∆κγ λγ
cWWW/Λ
2 cW /Λ
2 cB/Λ
2
(TeV−2) (TeV−2) (TeV−2)
CMS Collaboration [41] [-0.0286; 0.0275] [-0.0065; 0.0066] [-1.58; 1.59] [-2.00; 2.65] [-8.78; 8.54]
ATLAS Collaboration [39] [-0.0610; 0.0640] [-0.0130; 0.0130] [-3.10; 3.10] [-5.10; 5.80] [-19.0; 20.0]
CDF Collaboration [36] [-0.5700; 0.6500] [-0.1400; 0.1500] [-34.1; 36.0] [-53.0; 72.3] [-166; 178]
D0 Collaboration [37] [-0.1580; 0.2550] [-0.0360; 0.0440] [-8.70; 11.0] [-8.20; 20.0] [-53.0; 78.1]
ALEP, DELPHI,
[-0.0990; 0.0660] [-0.0590; 0.0170] [-14.0; 4.10] [-13.0; 5.10] [-25.1; 20.1]
L3, OPAL [31]
II. FUTURE LEPTON COLLIDER: ILC
The SM is a successful theory that answers many important questions in particle physics,
such as describing electromagnetic, weak and strong interactions in the universe and pre-
dicting all known elementary particles. Although the SM has passed all experimental tests,
some significant arguments such as the hierarchy problem, the non-unification of fundamen-
tal forces, the baryon-antibaryon asymmetry, non-explained dark matter demonstrate that
the SM has some shortcomings to be final theory of everything. For this reason, there is a
great desire to search for the new physics beyond the SM.
The colliders in experimental particle physics are often classified according to their shape
(linear/circular) and the type of colliding particles (hadron/lepton). All major differences
between the hadron and lepton colliders depend on the nature of the colliding particles.
The leptons at the lepton collider are elementary particles. Because the initial state of
elementary particles is fully defined at the fundamental level, the collisions in this collider
are clean without hadronic activity and the measurements are precise. The hadrons at the
hadron collider are composite particles, composed of quarks, which are elementary particles.
Since hadrons are heavier than leptons, the hadron colliders have higher collision energy
than the lepton colliders. Although high collision energies play a key role in investigating
the new particles and their interactions, each collision in the hadron collider composes the
backgrounds for physics analysis, creating a large number of elementary processes. These
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leaves high doses of radiation energy to the detector and thus it becomes difficult to perform
analysis and make precision measurements.
The discovery potential of the LHC would be complemented by the ILC, which is a
linear electron-positron collider in the design phase [42]. The ILC is planned to reach
tunable center-of-mass energy up to 500 GeV (upgradeable up to 1 TeV) with published
the Technical Design Report (TDR) for the ILC accelerator [43, 44]. The electron and
the positron beams are longitudinally polarized to 80% and 30%, respectively, which have
different signs of polarization from each other. While polarized electron beams are produced
by photoproduction with a polarized laser, polarized positron beams are produced in pair
conversion γ → e+e−, where the photon is produced by a high energy electron beam passing
through a superconducting undulator [45].
Thanks to the clean event environment, the tunable collision energy and the potential
to polarize beams, it is possible for the ILC to observe the smallest deviation from SM
predictions indicating new physics as well as to discover new particles and to make their
precise measurements [46]. The possibility of both electron and positron beam polarization
in the ILC is of great importance in reaching the major goals of particle physics. The two
polarized beams in the ILC are very powerful tools to reveal the structure of the underlying
physics, determine new physics parameters in model-independent analysis and also test basic
model assumptions. Proper beam polarizations combined with high luminosity increase
analysis capability, resulting in better statistics and reduction of systematic errors, and
enable to enhance or suppress the SM processes and to reveal new processes. Hence, the
proper combinations of the polarized electron and positron beams are useful in increasing
signal rates and minimizing unwanted background processes. Each specified capability of
the ILC provides a great number of additional opportunities.
III. CROSS SECTIONS AND SENSITIVITY ANALYSIS OF THE PROCESS
e−e+ → νeνeγ AT THE ILC
The Feynman diagrams for the process e−e+ → νeνeγ are given in Fig. 1. The first of
the five Feynman diagrams includes the anomalous W+W−γ coupling and it contributes
to the new physics. We can see from Fig. 1 that one of the advantages of the process
e−e+ → νeνeγ is that they can isolate W+W−γ couplings from W+W−Z couplings. In our
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FIG. 1: The Feynman diagrams for the process e−e+ → νeνeγ.
calculations, the total cross sections of the process e−e+ → νeνeγ with the congurations
of electron-positron beam polarization are simulated using MadGraph5 aMC@NLO [47].
At this program, we use the EWdim6 model file for the operators that examine interactions
between the electroweak gauge boson we have described above in dimension-six. We examine
the potential of the process e−e+ → νeνeγ at the ILC with
√
s = 500 GeV. The congurations
of electron-positron beam polarization and their corresponding integrated luminosities are
studied at the ILC:
(Pe−, Pe+) = (∓80%,±30%) and L = 1600 fb−1 ,
(Pe−, Pe+) = (±80%, 0%) and L = 2000 fb−1 , (14)
unpolarized electron-positron beam and L = 4000 fb−1 .
Here, we have used − sign for left polarization and + sign for right polarization.
We apply the kinematic selection cuts to suppress the backgrounds and to optimize
the signal sensitivity. pνT is transverse momentum of the final state neutrinos, |ηγ| is the
pseudorapidity of the photon and pγT is the transverse momentum of the photon. The
outgoing particles are required to satisfy these kinematic cuts for νeνeγ events at the ILC.
We consider pνT > 25 GeV with tagged Cut-1, |ηγ| < 2.5 with tagged Cut-2 and four different
values of the transverse momentum of the photon, pγT > 10, 15, 20, 25 GeV with tagged Cut-
3a, Cut-3b, Cut-3c and Cut-3d, respectively. A summary of the kinematic cuts is given in
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TABLE II: Definitions of kinematic cuts used for the analysis.
Cuts Definitions
Cut-1 pνT > 25 GeV
Cut-2 Cut-1 + |ηγ | < 2.5
Cut-3a Cut-2 + pγT > 10 GeV
Cut-3b Cut-2 + pγT > 15 GeV
Cut-3c Cut-2 + pγT > 20 GeV
Cut-3d Cut-2 + pγT > 25 GeV
Table II.
In this analysis, we focus on CP-conserving cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 couplings via
the process e−e+ → νeνeγ at the ILC. The total cross sections of the process e−e+ → νeνeγ
as a function of anomalous cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 couplings parameters for kinematic
cuts defined in Table II are presented in Fig. 2 with unpolarized electron-positron beam,
in Fig. 3 with polarized electron-positron beam (Pe−, Pe+) = (+80%, 0%), in Fig. 4 with
polarized electron-positron beam (Pe−, Pe+) = (−80%, 0%), in Fig. 5 with polarized electron-
positron beam (Pe−, Pe+) = (+80%,−30%) and in Fig. 6 with polarized electron-positron
beam (Pe−, Pe+) = (−80%,+30%). This total cross sections are calculated with center-
of-mass energy of
√
s = 500 GeV at the ILC and depend on the integrated luminosities
corresponding to congurations of electron-positron beam polarization in Eq. (14). While the
cross section curves belonging to the cW/Λ
2 and cB/Λ
2 couplings in Figs. 2-6 show a similar
characteristic due to Eq. (12), the cross section curves belonging to the cWWW/Λ
2 coupling
differ from that of the cW/Λ
2 and cB/Λ
2 couplings. Also, in Figs. 2-6, the total cross section
values as a function of the cWWW/Λ
2 coupling have larger than that as a function of the
cW/Λ
2 and cB/Λ
2 couplings. The suppression in the cutflow at Table II increases from Cut-
1 to Cut-3d and this increment cause a decrease in the total cross sections from Cut-1 to
Cut-3d in Figs. 2-6.
We present the total and SM cross sections of the process e−e+ → νeνeγ for the kinematic
cuts of five polarization scenarios with respect to cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 couplings in
Table III. The total and SM cross section values for cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 couplings
in Table III correspond to cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 = 5 TeV−2, respectively. The
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FIG. 2: The total cross sections of the main process e−e+ → νeνeγ for unpolarized electron-
positron beam as a function of cWWW/Λ
2, cW /Λ
2 and cB/Λ
2 at six different kinematic cuts.
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FIG. 3: Same as in Fig. 2, but for (Pe− , Pe+) = (+80%, 0%).
ratios arise from the total cross sections divided by the SM cross sections and increase after
each applied kinematic cut. As the applied kinematic cuts increase, the SM cross section is
suppressed, thus the signal becomes more apparent.
The total cross sections of the process e−e+ → νeνeγ as a function of cWWW/Λ2, cW/Λ2
and cB/Λ
2 at the largest cut (Cut-3d) according to the polarization configurations are com-
pared in Fig. 7 and thus the effect of polarizations on the total cross sections is observed.
The left-polarized electron (right-polarized positron) beam enhances the cross sections due
to the structure of the e−νeW− (e+νeW−) vertex in the first Feynmann diagram of Fig. 1,
which contains the largest contribution with the anomalousWWγ coupling [14, 48]. As seen
in Fig. 7, the (Pe−, Pe+) = (−80%,+30%) polarization has larger cross sections compared
to other polarization configurations.
We have estimated using χ2 analysis with a systematic error to obtain the constraints on
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FIG. 4: Same as in Fig. 2, but for (Pe− , Pe+) = (−80%, 0%).
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FIG. 5: Same as in Fig. 2, but for (Pe− , Pe+) = (+80%,−30%).
the anomalous coupling parameters at the 95% C.L.. χ2 function is defined by [49–51]:
χ2 =

 σSM − σNP
σSM
√
(δst)
2 + (δsys)
2


2
. (15)
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FIG. 6: Same as in Fig. 2, but for (Pe− , Pe+) = (−80%,+30%).
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TABLE III: Total and SM cross section values and the ratios of total cross section to SM cross
section on the anomalous cWWW/Λ
2, cW /Λ
2 and cB/Λ
2 couplings for five different polarization
scenarios and six different cuts.
cWWW/Λ
2 (TeV−2) cW /Λ2 (TeV−2) cB/Λ2 (TeV−2)
Polarization
Cuts
SM cross Total cross
Ratio
Total cross
Ratio
Total cross
Ratio
scenarios sections sections sections sections
(pb) (pb) (pb) (pb)
Unpolarized
Cut-1 21.53 167.04 7.75 38.72 1.79 38.75 1.79
Cut-2 8.07 151.64 18.79 24.68 3.05 24.39 3.02
Cut-3a 1.58 146.89 92.96 18.40 11.64 18.45 11.67
Cut-3b 1.23 146.43 119.04 18.00 14.63 17.94 14.58
Cut-3c 0.98 146.17 149.15 17.64 18.00 17.60 17.95
Cut-3d 0.81 145.70 179.87 17.36 21.43 17.31 21.37
Cut-1 4.66 33.71 7.23 8.09 1.73 8.07 1.73
Cut-2 1.72 30.80 17.90 5.03 2.92 5.07 2.94
Pe− = +80%; Cut-3a 0.37 29.47 79.64 3.74 10.10 3.73 10.08
Pe+ = 0 Cut-3b 0.30 29.39 97.96 3.64 12.13 3.65 12.16
Cut-3c 0.25 29.34 117.36 3.58 14.32 3.60 14.40
Cut-3d 0.21 29.27 139.38 3.51 16.71 3.52 16.76
Cut-1 38.44 301.79 7.85 69.43 1.80 69.53 1.80
Cut-2 15.28 273.91 17.92 45.24 2.96 45.51 2.97
Pe− = −80%; Cut-3a 2.81 264.55 94.14 33.09 11.77 33.12 11.78
Pe+ = 0 Cut-3b 2.15 263.55 122.58 32.47 15.10 32.26 15.00
Cut-3c 1.71 263.16 153.89 31.68 18.52 31.65 18.50
Cut-3d 1.40 263.07 187.90 31.15 22.25 31.19 22.27
Continued on next page
Here, σSM is the cross section in the SM and σNP is the cross section containing both
the SM and new physics contributions. δst =
1√
NSM
and δsys are the statistical error and the
systematic error. The number of SM events is presented by NSM = L × σSM , where L is
11
TABLE III: Continued from previous page.
cWWW/Λ
2 (TeV−2) cW /Λ2 (TeV−2) cB/Λ2 (TeV−2)
Polarization
Cuts
SM cross Total cross
Ratio
Total cross
Ratio
Total cross
Ratio
scenarios sections sections sections sections
(pb) (pb) (pb) (pb)
Cut-1 3.46 23.87 6.89 5.89 1.70 5.92 1.71
Cut-2 1.27 21.48 16.91 3.63 2.85 3.42 2.69
Pe− = +80%; Cut-3a 0.30 20.60 68.66 2.65 8.83 2.66 8.86
Pe+ = −30% Cut-3b 0.25 20.57 82.28 2.59 10.36 2.59 10.36
Cut-3c 0.21 20.51 97.66 2.54 12.09 2.54 12.09
Cut-3d 0.18 20.48 113.77 2.50 13.88 2.50 13.88
Cut-1 50.01 390.60 7.81 90.31 1.80 89.75 1.79
Cut-2 18.47 355.91 19.26 59.14 3.20 58.26 3.15
Pe− = −80%; Cut-3a 3.64 344.27 94.57 43.04 11.82 42.96 11.80
Pe+ = +30% Cut-3b 2.79 342.66 122.81 42.06 15.07 42.09 15.08
Cut-3c 2.23 342.20 153.45 41.24 18.49 41.25 18.49
Cut-3d 1.82 341.61 187.69 40.56 22.28 40.54 22.27
the integrated luminosity.
The systematic uncertainty value has been taken into account in previous electron
positron collider studies. The systematic uncertainty in the total cross section analysis
for the process e−e+ → tt in electron positron collider is considered to be 3% and also the
systematic uncertainty in determining the cross section has been reduced from 3% to 1%
in the LEP [52]. Since the ILC will be built in the coming years, it can be assumed that
systematic uncertainties will be lower with the development of future detector technology.
Taking into consideration the previous studies, we consider the systematic uncertainties of
0%, 1% and 3% in this paper. The measurements with small enough systematic uncertainties
are needed to provide the required sensitivity for the new physics research.
The limits on the anomalous cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 coupling parameters at the
95% C.L. for the process e−e+ → νeνeγ are given in Tables IV-VI, depending on the
12
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FIG. 7: The total cross sections of the main process e−e+ → νeνeγ as a function of cWWW/Λ2,
cW /Λ
2 and cB/Λ
2 for five different polarization scenarios at Cut-3d.
polarization scenarios, the kinematic cuts and the systematic errors. The limits for each po-
larization scenario and systematic error become more sensitivity with increasing kinematic
cuts (from Cut-1 to Cut-3d). The increment in systematic error causes a decrease in the
sensitivity of all limits. The polarization (Pe−, Pe+) = (−80%,+30%) has the best limits
for all anomalous coupling parameters. We can sort the polarizations corresponding to the
less sensitive limit than the most sensitive limit: (Pe−, Pe+) = (−80%,+30%), (Pe−, Pe+) =
(−80%, 0%), unpolarized, (Pe−, Pe+) = (+80%, 0%) and (Pe−, Pe+) = (+80%,−30%), re-
spectively.
IV. CONCLUSIONS
The ILC will have polarized beams for both electron and positron beams to increase sen-
sitivity to new physics and to improve precision measurement. Beam polarizations play a
crucial role to increase the signal cross section while suppressing the unwanted background.
A polarized beam provides a different viewpoint to test the SM and to research new physics
beyond the SM. Observation of even the smallest signal which conflicts with the SM pre-
dictions would be a clue to prove the new physics. Proper selection of the electron and
positron beam polarization may therefore be used to enhance the new physics signal. We
have studied on the phenomenological aspects of the anomalous W+W−γ couplings with
the process e−e+ → νeνeγ at the ILC. The total cross section and the limit analysis were
performed according to the anomalous cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 coupling parameters
that lead the deviations from SM. The cutflow has created by pνT , |ηγ| and pγT cuts. Ac-
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TABLE IV: 95% C.L. constraints on the anomalous cWWW/Λ
2 coupling for five different polariza-
tion scenarios and three different cuts.
cWWW/Λ
2 (TeV−2)
Polarization scenarios Cuts δsys = 0% δsys = 1% δsys = 3%
Unpolarized
Cut-1 [-0.02469; 0.03157] [-0.26568; 0.27260] [-0.46264; 0.46962]
Cut-2 [-0.02222; 0.02775] [-0.16178; 0.17732] [-0.28694; 0.28650]
Cut-3d [-0.01317; 0.01137] [-0.05263; 0.05083] [-0.09042; 0.08863]
Pe− = +80%;Pe+ = 0
Cut-1 [-0.04326; 0.05896] [-0.27115; 0.28681] [-0.47518; 0.49076]
Cut-2 [-0.03209; 0.05010] [-0.16315; 0.18015] [-0.28871; 0.30669]
Cut-3d [-0.02714; 0.02058] [-0.06453; 0.05796] [-0.10873; 0.10217]
Pe− = −80%;Pe+ = 0
Cut-1 [-0.02213; 0.02902] [-0.26081; 0.27069] [-0.45707; 0.46691]
Cut-2 [-0.01603; 0.02523] [-0.15931; 0.17550] [-0.28162; 0.28579]
Cut-3d [-0.01201; 0.01103] [-0.05104; 0.04995] [-0.08831; 0.08821]
Pe− = +80%;Pe+ = −30%
Cut-1 [-0.05386; 0.06596] [-0.28380; 0.29592] [-0.49570; 0.50785]
Cut-2 [-0.03905; 0.05475] [-0.16542; 0.18112] [-0.29173; 0.30741]
Cut-3d [-0.03256; 0.02559] [-0.07287; 0.06375] [-0.12185; 0.11274]
Pe− = −80%;Pe+ = +30%
Cut-1 [-0.02084; 0.02876] [-0.25714; 0.26814] [-0.45296; 0.46415]
Cut-2 [-0.01541; 0.02335] [-0.15890; 0.17384] [-0.28022; 0.28115]
Cut-3d [-0.01059; 0.01026] [-0.05075; 0.04902] [-0.08624; 0.08651]
cording to this cutflow and polarization scenarios, the total cross sections were calculated
against the anomalous coupling parameters. The polarization scenarios affecting the size
of the total cross section in the largest cut (Cut-3d) have compared with each other. The
ratios of total cross section to SM cross section on the anomalous cWWW/Λ
2, cW/Λ
2 and
cB/Λ
2 coupling parameters for polarization scenarios have determined and the contributions
of the kinematic cuts to the signal have investigated. Using the χ2 analysis, the limits have
obtained at 95% C.L. for the anomalous coupling parameters. If we look at the limits for
each kinematic cuts corresponding to unpolarized and polarized beams in Tables IV-VI, we
can notice that the proper polarization of the leptons improve the limits on the anomalous
couplings. We find that the polarization (Pe−, Pe+) = (−80%,+30%) provide the best limits
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TABLE V: Same as in Table IV, but for the anomalous cW/Λ
2 coupling.
cW /Λ
2 (TeV−2)
Polarization scenarios Cuts δsys = 0% δsys = 1% δsys = 3%
Unpolarized
Cut-1 [-0.62920; 0.01275] [-1.19359; 0.57537] [-1.77861; 1.15884]
Cut-2 [-0.60630; 0.00808] [-0.87582; 0.27652] [-1.20368; 0.60422]
Cut-3d [-0.51607; 0.00336] [-0.56071; 0.04750] [-0.63824; 0.12503]
Pe− = +80%;Pe+ = 0
Cut-1 [-0.67621; 0.03672] [-1.24673; 0.60774] [-1.85909; 1.22114]
Cut-2 [-0.64303; 0.02117] [-0.94519; 0.28017] [-1.28255; 0.61871]
Cut-3d [-0.52486; 0.01025] [-0.57685; 0.06225] [-0.67305; 0.15846]
Pe− = −80%;Pe+ = 0
Cut-1 [-0.62648; 0.01218] [-1.19170; 0.56977] [-1.77369; 1.15051]
Cut-2 [-0.60586; 0.00745] [-0.85119; 0.27414] [-1.19143; 0.60312]
Cut-3d [-0.51551; 0.00294] [-0.55825; 0.04568] [-0.63320; 0.12063]
Pe− = +80%;Pe+ = −30%
Cut-1 [-0.70036; 0.04892] [-1.28214; 0.63194] [-1.91495; 1.26734]
Cut-2 [-0.67458; 0.02775] [-1.03499; 0.28990] [-1.38746; 0.64607]
Cut-3d [-0.53351; 0.01512] [-0.59455; 0.07618] [-0.70762; 0.18931]
Pe− = −80%;Pe+ = +30%
Cut-1 [-0.62292; 0.01203] [-1.19064; 0.56247] [-1.77080; 1.14910]
Cut-2 [-0.60164; 0.00686] [-0.84463; 0.27125] [-1.17396; 0.60244]
Cut-3d [-0.51383; 0.00287] [-0.55141; 0.04446] [-0.63013; 0.12018]
on the all anomalous coupling parameters at the ILC.
The best limits have obtained for the anomalous coupling parameters by the CMS exper-
iment at the CERN LHC [41]. In order to prove the success of the study in this paper, our
limits in Tables IV-VI have compared with the experimental limits in Ref. [41]. It looks that
the limits on the anomalous cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 coupling parameters obtained for
all kinematic cuts and for all polarization scenarios are more sensitive than the limits in
Ref. [41]. For Cut-1, Cut-2 and Cut-3d, the sensitivities of the limits corresponding to the
polarization (Pe−, Pe+) = (−80%,+30%) on the anomalous cWWW/Λ2 coupling parameter
are about 65, 85 and 150 times, that of the anomalous cW/Λ
2 coupling parameter are about
110, 195 and 465 times and that of the anomalous cB/Λ
2 coupling parameter are about 410,
680 and 1500 times better than the sensitivity of the limit in Ref. [41]. Even the limits cor-
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TABLE VI: Same as in Table IV, but for the anomalous cB/Λ
2 coupling.
cB/Λ
2 (TeV−2)
Polarization scenarios Cuts δsys = 0% δsys = 1% δsys = 3%
Unpolarized
Cut-1 [-0.64133; 0.01152] [-1.20754; 0.57143] [-1.78503; 1.15431]
Cut-2 [-0.62841; 0.00710] [-0.91800; 0.28209] [-1.25544; 0.61906]
Cut-3d [-0.51991; 0.00322] [-0.56391; 0.04683] [-0.64058; 0.12350]
Pe− = +80%;Pe+ = 0
Cut-1 [-0.65959; 0.03724] [-1.23137; 0.60867] [-1.84261; 1.21922]
Cut-2 [-0.63845; 0.02175] [-0.96433; 0.28327] [-1.31001; 0.62531]
Cut-3d [-0.52390; 0.01023] [-0.57989; 0.06222] [-0.67616; 0.15849]
Pe− = −80%;Pe+ = 0
Cut-1 [-0.63852; 0.01106] [-1.20529; 0.56921] [-1.78381; 1.15150]
Cut-2 [-0.58398; 0.00679] [-0.87973; 0.27370] [-1.22894; 0.61181]
Cut-3d [-0.51165; 0.00297] [-0.55462; 0.04594] [-0.62986; 0.12116]
Pe− = +80%;Pe+ = −30%
Cut-1 [-0.67507; 0.05084] [-1.26546; 0.64122] [-1.90191; 1.27767]
Cut-2 [-0.65366; 0.02780] [-0.96825; 0.28528] [-1.31193; 0.63076]
Cut-3d [-0.52781; 0.01518] [-0.58887; 0.07624] [-0.70182; 0.18918]
Pe− = −80%;Pe+ = +30%
Cut-1 [-0.63781; 0.01054] [-1.20383; 0.56219] [-1.78175; 1.14741]
Cut-2 [-0.56057; 0.00638] [-0.79355; 0.26128] [-1.19884; 0.59048]
Cut-3d [-0.50595; 0.00286] [-0.54441; 0.04533] [-0.60901; 0.11995]
responding to the polarization (Pe−, Pe+) = (+80%,−30%), which have the least sensitive
limits among the polarization scenarios, have better sensitivity than the sensitivity of the
limit in Ref. [41]; as for Cut-1, Cut-2 and Cut-3d about 25, 35 and 55 times on the anomalous
cWWW/Λ
2 coupling parameter, about 30, 50 and 90 times on the anomalous cW/Λ
2 coupling
parameter and about 90, 160 and 290 times on the anomalous cB/Λ
2 coupling parameter,
respectively. Our best limits for cWWW/Λ
2, cW/Λ
2 and cB/Λ
2 coupling parameters were ob-
tained for the polarization (Pe−, Pe+) = (−80%,+30%). The limits obtained for cWWW/Λ2,
cW/Λ
2 and cB/Λ
2 coupling parameters for this polarization can be converted for ∆κγ and
λγ coupling parameters according to Eqs. (12)-(13). Therefore, the most sensitive limits on
∆κγ and λγ couplings at the polarization (Pe−, Pe+) = (−80%,+30%) are converted;
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−32.15× 10−4 < ∆κγ < 0.58× 10−4 , (16)
−0.86× 10−4 < λγ < 1.19× 10−4 for Cut-1 ,
−29.63× 10−4 < ∆κγ < 0.34× 10−4 , (17)
−0.64× 10−4 < λγ < 0.96× 10−4 for Cut-2 ,
−26.01× 10−4 < ∆κγ < 0.15× 10−4 , (18)
−0.44× 10−4 < λγ < 0.42× 10−4 for Cut-3d .
These limits can be easily appear to be more sensitive again when compared with other
experimental studies in Table I. In addition, considering the systematic uncertainties of
δsys = 1%, 3%, although the sensitivities of limits decrease, it is seen that they are better
compared to the sensitivity of the limits in Ref. [41].
As a result, we highlight that the sensitivities of the limits in this study are better than
the sensitivity of the experimental limits reported for the LHC. Using polarized beams at
the ILC to examine the anomalous W+W−γ coupling through the process e−e+ → νeνeγ
provides great advantages for sensitivity studies by guaranteeing precise measurements.
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